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In replying please address t 

I 25X1 


March 27, 1957 


Dear Slrt 

Enclosed is our proposal for an additional elghtHsonth period 
of research on the developaent of a hydrogen generator. It is based on 
recent discussions with your technical representatives* 

In connection with the performance of the proposed research, 
it is our xmderstanding that your technical representatives will furnish 
the sodium borohydride needed and also Mie or two balloons for use in 
the full-scale experiments* 

To facilitate the prosecution of the proposed program, it is 
reccmmended that the contract contain express approval for the procurement 
of two experimental generator units at a cost of approximately $6,500. As 
an alternative, the Contracting Officer’s approval might be granted in an 
accompanying letter* 

Ue are looking forward to working together on this proposed pro- 
gram* If you shoTild have any questions regarding our proposal, please let 
us know* Any inquiries of a contractual nature may be directed to 
at Extension 875* 

Very truly yours. 


Director 

Enclosure 
In Duplicate 


25X1 

i 

25X1 


25X1 


Declassified in Part - Sanitized Copy Approved for Release 2012/05/31 : CIA-RDP78-03642A001 30001 001 8-7 





Declassified in Part - Sanitized Copy Approved for Release 2012/05/31 : CIA-RDP78-03642A001 30001 001 8-7 


EITEHSlOlf PROPOSAL 
on 

THE DEVELOPMENT OF A HTOROGIM GENERATC® 

Introduction and Objective 

This proposal presents Hiaso II of a researcdi progran directed 
toward the development of a prototype hydrogen generator* Phase I of this 
program was oozslueted under Task Order Ho* C of our current contract and 
was devoted to relatively small-scale studies of the retirements for an 
experimental hydrogen generator capable of generating enou^ hydrogen to 
provide 250 lb of lift at sea level (about 3»500 cu ft of hydrogen) over a 
period of U5 to 6o adnutos. Phase I included a literature search* an analy- 
sis of the most desirable systees eon5)atlble with the Sponsor's specifica- 
tions fbr the generator of Interest, a laboratory investigation of the 
characteristics of the hydro gen-g«eratlng reaction, and the preliminary 
design of an experimental full-scale hydrogen g^erator. 

The objective of Phase II of Ihe research program, as proposed 
here, would be to conduct research directed toward the development and 
evaluation of a prototype fbll-scale (about 3,500 cu ft) hydrogen generator, 
with the Sponsor's stated specifications being goals for ‘ttie proposed ex- 
perimental device* In view of the hi^ cost of the basic chemical (sodium 
borohydride), the evaluation portion of the proposed program wotOd Include 
a series of l/5^8cale studies, and then two or three full-scale studies* 

Conclxxsions of Phase I (Task Order Ho* C) Study 

The research performed under Phase I showed that the cobalt 
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chlorid® • BOdiu® borohydride hydrolysle syeten vould probably Most satis* 
factorlly neet the reqairenents of tiie Sponsor* to the basis of this pro* 
vious research^ the belowindicated details relatiTs to ^e hydrolysis reae* 
tion in and the proposed design for the prototype generator vere tentatively 


arrived att 

Pool diBMnsions 

Total solution 

SodiuK hydroxide 

SodiuK borohydride (98 $} 

Capacity 

Cobalt chloride 

Initial tenperature 

Hipest teoperalHire of off-gas 


1*1/8 ft in depth x 50 sq ft 
of surface area 

Approxiiaately $60 gal 

0.2 lb 

100 lb 

3f700 cu ft H 2 in US to 6o Bin 
2*U lb in approxiaately 10 gal B^O 
72 P (22 C) 

130 P ($U C) 


The Blase J study showed tbat^i under adiabatic conditions^ tola 
reacticm system may be scaled to substantially any sise* The largest slss of 
experimental generator used in the Phase I study produced about 36 cu ft of 
hydrogeni this was a vertical cylinder 10 in* in diameter and 1*1/8 ft in 
hei^t. (Sealing was reduced to a *one*dlmiaasional problem" by keeping ^ 
depth of solution constant at 1*1/8 ft*) Because l^e reaction in this sx* 
perimental gsnerator^ as veil as in the ^nailer eiqierimental units^ was 
approxiBAtaly adiabatic^ it vas concluded that there would probably be no 
major problems in sealing up eiqierimental goierators beyond the 36 *cu-ft 
capacity* 
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Diacuaglon of Problwa 

In the research progran described here^ the effort would be directed 
toward dereloping and eraluating an experimoital fuU-aoale generator based on 
the design vhieb. was evolved under Phase 1 (task Order Mo. C). 

The principal problea involved in implying 'Wio results of the snail* 
scale studies of the eoditoi borohydride hydrolysis to a prototype full*seale 
goierator is to establish the time required for co^iplete generation. The 
cobalt chloride • sodiu* borohydride hydrolysis reaction that would be used 
for the proposed generator is a heterogwaeously catalysed reaction. As a re- 
sult, the (difflaloal kinetics, and therefore the total generation time, are 
strongly influenced by the distribution of the catalyst throughout the systesu 
It was proposed in the Suanary Report on Task Order Ho. C, dated January 28, 
1957, that «ie (K>balt chloride solution be introduced through 10 openings In 
the proposed full-scale reactor. Because of the sensitivity of this systen 
to the dispersion of the catalyst, it is possible that 10 openings would not 
be sufficient. If this factor were to be scaled up directly fron the Phase I 
research, about 100 openings would be neoessaryi it is not expected that such 
a large number of openings is required. The nufid>er of openings would be es- 
tablished under the proposed research program. 

The rate of solution of the sodium borohydride and the homogeneity 
of the resulting solution are not e^qiected to present major problems, but 
rtiould be given some consideration. It is possible that, in running a unit 
like the proposed generator, the operator ad^t drop a large batdi of sodium 
borohydride in the pool within the unit, and, because of insufficient stirrii^, 
a large olusg) rai^t result that would not dissolvs at a rapid enou^ rate. 
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If the reaction tias started before the borohydrlde was oonqjletely dissolvedf 
the hydrogen g«ieration rate would initially be slow* It is recognised that 
the process of solution wotild continue and that the stirring resulting frtm 
the hydrogi^ evolution would aid in achieving eoaplete solution of the boro** 
hydride* However^ the over-all effect is uncertain* 

Proposed General Method of Procedure 

The proposed research program as outlined in this section has bem 
set up to include the investigation of the effects of catalyst dispersion 
and of the solution rate of the borohydrlde on the operation of an eaperi* 
mental full-scale generator* Because of the cost of the sodium borohydrlde^ 
each full-scale experiment wottld involve approximately |3»000 for materials 
alone* Furthermore! if a full-scale experiment abortedy the materials in- 
volved could not be reclaimed. In an effort to reduce the cost of evalua- 
tion! ^ proposed program! it is contes^lated l^t two sites 

of experimental g^ierators would be used for these studies t a l/^-soale and 
a full-scale esqperimental generator. The smaller unit would have one-fifth 
the pool area ai^ the same d^th (1-1/2 ft) as the experimmtal full-scale 
generator* Rie diameter of the smaller unit would be about 3-1/2 ft and 
the generation capacity, about 7U0 cu ft of hydro g«i* Since the reaction 
previously run in the e]q}erimental 36-ou*ft generator was almost adiabatic! 
it is not expected that the generation rate in these larger experimental 
generators would increase over that obtained in the 36-ou-ft unit* 

Two series of experiments are proposed for the smaller experi- 
mental generator* One series would use ^e full pool depth of 18 in* The 
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othor would ubc u pool d^'th of 9 would involve the gwieration of 

about 3UO cu ft of hydrogen* The purpose of the half-depte studies would 
be to study the reaction in a pool in tdaich the diaBieter»to«depth ratio 
would be nearly that of the proposed full-scale generator* 

Studies With the Expeeplaental l/5«Scale Oenerator 

The following variables would be investigated using the snaller 
experiaental gaieratort 

(1) Honogeneity of the borohydride solution - the effect of the 
diaaeter-to-depth ratio on the solution honogMieity, and, in turn, its 

effect on the rate of generation* 

(2) pH - the effect of the aaount of sodiua hydroxide on the 

rate of solution and on the rate of generation. 

(3) Distrlbiitlon of the catalyst - the effect of the spacing 

and the nuxdaer of catalyst-entiy openings (ports) on the rate of generation. 

(U) Initial temperature - the relationship between cobalt chloride 
and the Initial tsmperatixre, and its effect on the rate of generation. (See 
Table l6 of the Suanary Report on Task Order Ho* C, dated January 28, 1957.) 

Since the above variables are Interdependent, it is difficult to 
Indicate aocuxately, at this tine, the nuraber of experiments that would have 
to be conducted* However, it is currently estimated that 10 to 15 experi- 
ments in the ssmller experinenUl generator would be sufficient to provide 
the needed Inferaation. S<Mie of these ea^riments would be run at full 
pool depth, and the remainder at half pool depth. Efforts would be made to 
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design and conduct these experiments so as to obtain the needed infoansatioa 
from the smallest number of experinKtts. 

The effect of solution rate and/or cluB;)ing of the sodium bozt>« 
hydride would also be studied* It is e3q}eeted that the prosecution of this 
study would not influence the total number of e3q>eriments required« since 
this study would represent a preliminary step in the performance of the 
aboTe*indioated eaperiments and would be done in conjunction with them* 
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Study the Experimental Full-Soala Generator 

It Is bellsTed that* at a mlnimxira, two experiments should be 
run in order to investigate the operation of the e 3 q>erimental full^sise 
generator* However, it may be desirable to make some minor changes in 
'tile system on the basis of the results obtained from the first full- 
scale experiment* Consequently, it appears pznident to provide for up 
to three full-scale eiq^eriments in the proposed program* 

Experimental Procedure 

At the start of the proposed research period, a fixed-price 
purchase order would be placed with 

for an experimental l/^seale generator* The specifications 
for this unit would be scaled down from the experimental design described 
in the Summary Report on Task Order No* C. dated January 28, 1957* 

The experimental full-scale generator would not be ordered at 
that time, since its specifications would not be established until some 
time after the 1/5-scale studies were under way or until these studies 
were concluded* It should be possible to flzm up the design and place a 
fixed-price purchase order for the experimental full-scale generator 
early enough in the proposed program so as to provent undue delay* 

Consideration would be given to accessory techniques and/or 
minor equipnent needed to facilitate the operation of the proposed ex- 
perimental generators* The operational aspects that would be scrutinised 
would Include, for example, the inflation of the experimental units pre- 
paratory to generating hydrogen and the pre-mixing of the catalyst solution. 


25X1 

25X1 
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Beoause of the physical slss of the ejqjerinental units and the 
safety hasards associated with the large amounts of l^drogen InvolTed^ 

It Is proposed that the above* Indicated experiments be conducted outdoon* 
Hoveverf a special building Is available that would permit the l/5*seale 
studies to be conducted Indoors, If necessary* It Is contemplated that 
all of the chemicals would be iised as supplied by the commercial sources 
and that the water involved would be obtained from the rivers in the 
area* 

In a typical experiment, the required amount of water would be 
admitted Into the experlmoital generator throng the unslppered opening, 
the water wotild be made alkaline with sodium hydroxide, and then the 
sodlm borohydrlde would be dissolved* The experimental unit would be 
slppered closed, the pre-mixed cobalt chloride solution would bo added, 
and the voluste of evolved hydrogen would be measured* In the experimental 
1/5-soale generator stiklies, it Is cont«q)lated that the evolved hydrogen 
would be metered through a gas meter* The Sponsor would probably be 
Interested In having toe fUll*soale ejq>erlments conducted so that the 
hydrogen guierated would be trapped in a representative balloon* Otoer* 
wise, toe hydrogen from the full-scale ejqierlments would also be metered 
through a gas meter* It is expected that the Sponsor would be present 
during at least one of the full-scale esqperlments* 

After the conclusion of the full-scale experiments, the proto- 
type full-scale generator would be shipped to toe Sponsor for field 
testing. As a result of experience with the experimental full-scale unit. 


1 
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the Sponsor might haye ctMnments wltti regard to the unit* These would be 
discussodj to the extent possible within the time and funds proTlded in 
the proposed contract and within the limits imposed b7 the materials and 
method of fabrication used in the experimental full->8oale unit, mutually 
agreed upon modifications would be made in the design. It is recommended 
that aiQr other modifications be made as part of a Phase III activity, to 
be provided for under another contractual airangement* Such a Phase III 
effort might also include the pr^aratLon of specifications, drawings, 
and an operator's manual, if desired. 

On the basis of recent discussions, it is expected that one or 
two balloons, for use in the full-scale experiments, and 500 pounds of 
sodium borohydride would be furnished by the Sponsor. The indicated 
amount of borohydride is based on the requirments of the currently 
planned schedule of experiments, including approximately ten l/5-acale, 
pool— depth experiments (about 10 pounds per experiment)! about five 
1/5-scale, full-pool-depth experiments (about 20 pounds per experiment)! 
and up to three full-scale experiments (about 100 pounds per experiment). 

Since it is inportant that the necessazy purchase orders be 
placed as quickly as possible, it is recommended that the proposed contract 
contain express approval for the proour«nent of the experimental 1/5- and 
full-scale generators. As an alternative, the Contracting Officer could 

grant this approval in an accompanying letter. On the basis of prelirainaiy 
discussions wl^ 


it is currently 


25X1 


Declassified in Part - Sanitized Copy Approved for Release 2012/05/31 : CIA-RDP78-03642A001 30001 001 8-7 



Declassified in Part - Sanitized Copy Approved for Release 2012/05/31 : CIA-RDP78-03642A001 30001 001 8-7 




- 10 - 


estlmated that the two eoqperinental units would coat approxiwately |6,500« 

It is anticipated that a two- to three-month delivery time would 
be Involved in the procurement of the experimental units tron. the commer- 
cial fabricator* It is possible that additional delays occasioned by 
weather interference in the scheduling of some of the pioposed experiments 
might also be encountered* However, every effoirt would be made to conclude 
the proposed research program as quickly as possible* 

Reports and Liaison 

The Sponsor would be kept informed of the progress of the re- 
search program by informal monthly reports* These reports would be sup- 
plemented by meetiiigs with the Sponsor* At the conclusion of the proposed 
research period, a summary report would be prepared that would include a 
description of the experiments conducted and the results obtained* 

Duration and Estimated Costs 

It is proposed that the contract provide for an eight-month 
period of research, with an estimated appropriation of #18,26$, including 
the fixed fee* The general breakdown of the estimated costs is attached* 

The Contract 

The proposed contract would be a period-basis research agree- 
ment, consistent with our current contractual arrangeaents and providing 
only for a fixed period of research leading toward ttie objective outlined 
in this proposal* 
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